Ehrensperger, L., Knechtle, B., . Participation and performance trends in 6-hour ultra-marathoners -a retrospective data analysis of worldwide participation from 1991. Participation trends in 6-hour ultra-marathons held word-wide were investigated to gain basic demographic data on 6-hour ultra-marathoners and where these races took place. Participation trends and the association between nationality and race performance were investigated in all 6-hour races held worldwide between 1991 and 2010. Participation increased linearly in both women and men across years. The annual number of finishes was significantly higher in men than in women (P=0.013). The male-to-female ratio remained stable at ~4 since 1991. Runners in age group 45-49 years showed the largest increase in participation for both men (800 participants in 18 years) and women (208 participants in 16 years). Europe attracted most of the runners from other continents (166 runners), more than all other continents combined (55 runners). European runners also showed the best top ten performances (73±3 km for women and 77±11 km for men), while African (with 65±9 km for men) and South American (54±4 km for women and 65±2 km for men) runners showed the weakest. To summarize, participation in 6-hour ultra-marathons increased across years. Most of the development took place in Europe and in athletes in the age group 45-49 years. Europe also attracted the most diverse field of athletes with runners from all other continents. European runners accounted for the most runners and achieved the best top ten performances.
INTRODUCTION
Six-hours ultra-running describes a kind of ultra-running competition where runners have six hours in time to complete as many kilometres as possible. Strictly speaking, these 6-hour ultra-marathons do not comply with the definition of an ultra-endurance sport, defined as an endurance sport exceeding 6 hours in duration (Zaryski & Smith, 2005) . In comparison to shorter running races such as a marathon, long-term preparation (Zaryski & Smith, 2005) , personal nutrition (Rapoport, 2010) , environmental stress management (Parise & Hoffman, 2011) and psychological toughness (Zaryski & Smith, 2005) become the central aspects of training to improve performance in such ultra-endurance competitions (Zaryski & Smith, 2005) .
The relationship between variables of physiology (Lazzer et al., 2011 , Millet et al., 2011 , cognition (Parry et al., 2011) , anthropometry (Knechtle et al., 2010a (Knechtle et al., , 2010b , training (Knechtle et al., 2010a (Knechtle et al., , 2010b , pre-race experience (Knechtle et al., 2010a (Knechtle et al., , 2010b , gender (Lepers & Maffiuletti, 2011) and age ) with performance in ultra-endurance running competitions have been investigated. In 24-hours treadmill ultra-marathon performance, maximum oxygen uptake (VO2max) and the ability to run at a high %VO2max over time seemed to be the main physiological parameters correlated with better performance (Millet et al., 2011) . Furthermore, it appeared that anthropometric characteristics such as body mass (Knechtle et al., 2010a (Knechtle et al., , 2010b , body height (Knechtle et al., 2010a) , body mass index (Knechtle et al., 2010a (Knechtle et al., , 2010b , percent body fat (Knechtle et al., 2010a (Knechtle et al., , 2010b , circumferences of limbs (Knechtle et al., 2010a (Knechtle et al., , 2010b ) and thicknesses of skin-folds (Knechtle et al., 2010a) showed no correlation with race performance in ultra-endurance competitions, while previous experience (Knechtle et al., 2011b , Herbst et al., 2011 , training and especially training intensity (Knechtle et al., 2010a (Knechtle et al., , 2010b on the other hand highly correlated with race performance.
However, ethnicity and nationality also greatly influenced long-distance running performance. East African runners, in particular Kenyan (Baker & Horton, 2003 , Larsen, 2003 , Onywera et al., 2006 , Ethiopian (Scott et al., 2003) and Eritrean (Lucia et al., 2006) runners have been dominating long-distance running events, especially marathon races, for several years. These findings underline the importance of good knowledge on basic demographic information of runners in analysing their running performances.
Regardless of the athlete's nationality, age ) and gender (Lepers & Maffiuletti, 2011) can also greatly influence ultra-running performance. Ultra-endurance running gained popularity most of all amongst older athletes, where runners over 40 years of age accounted for less than 40 % in 1980 and then gained to account for 65 to 70 % of all runners in 161-km ultra-marathons in North America in 1996 (Hoffman, 2010) . The highest increase in participants was reported for athletes aged 40-59 years (men: 50-59, women: 40-49) in 161-km ultra-marathons in the 'Western States 100-Mile Endurance Run' (Hoffmann, 2009). Very similar findings were reported for marathon races from the 'New York City Marathon', where the increase was highest in the age groups 30-39 and 40-49 years (men: 40-49, women: 30-39) (Jokl et al., 2004) .
Regarding the development of gender differences findings vary quite a bit for different types of competitions. For shorter races such as the marathon distance, the gender difference in participation, indicated by the male-to-female ratio, was greatest at the earliest time investigated and afterwards linearly dropped towards one, as female athletes slowly caught up in participation (Jokl et al., 2004) . However, in much longer races such as multi-stage ultra-marathons, the male-to-female ratio showed an opposite development with an increasing gap over the investigated time between male and female athletes (Abou Shoak et al., 2013).
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So far, studies investigating participation and performance trends in endurance running have primarily focused on historical data from one specific event, such as the 'Western States 100-Mile Endurance Run' (Hoffmann et al., 2010) or the 'New York City Marathon' (Jokl et al., 2004) . In the present study, however, we aimed to get a more global overview on participation trends. In order to achieve this, we examined data from all races held word-wide since the beginning of the 6-hour ultra-marathon. The aim of this study was to investigate participation trends all in 6-hour ultra-runs held worldwide between 1991 and 2010 and where these races took place with focus on the development of the male-to-female ratio and the age of participants. Furthermore, we intended to examine the influence of nationality on performance based on the top ten performances from each country and continent. Based upon present literature we hypothesized a constant increase in the number of participants. We expected this increase to be highest amongst runners in the age group 40-49 years for both men and women. Overall, it was expected that the increase would be greater amongst women than men. This higher increase in female participants compared to male participants may lead to a decreasing gap between men and women, indicated by a dropping male-tofemale ratio. For the top ten athletes' performance we hypothesized to find a dominance of African runners as described in previous research on shorter competitions.
MATERIAL AND METHODS
All runners who have ever participated in a 6-hour ultra-marathon held worldwide between 1991 and 2010 were analysed regarding the association between gender, nationality and age with their race performance. The data set from this study was obtained from the website http://www.ultra-marathon.org. This data base collects all race results in ultra-marathon races held worldwide. Data before 1991 seemed incomplete and therefore not reliable for data analysis. The study was approved by the Institutional Review Board of St. Gallen, Switzerland, with waiver of the requirement for informed consent given that the study involved the analysis of publicly available data.
Data from 30,318 athletes was available, including 5,872 women and 24,406 men. The athletes originated from 55 different countries all over the world and had the opportunity to participate in 236 different races held in 35 countries in all continents. In order to analyse participation trends with regard to gender, we considered the number of female and male participants year by year. To determine the development of participants with regard to the country of origin, first the total number of male and female participants per country was established. Following this, the annual development of male and female participants for all countries with at least 500 participants in total was determined and analysed. These countries were Japan, Australia, Germany, France, the Netherlands, Russia, Austria, Italy, Norway, Sweden, Belgium, Czech Republic, Denmark, the United States of America and Canada. Furthermore, we determined every runner's continent of origin and categorised them according to the continent on which their races took place. In this manner, we were able to get an overview on how far away from home athletes started in races. For these tables and figures, the continent of Australia holds data from the countries Australia and New Zealand.
The development of participation in the different age groups in men and women was analysed. The participants were categorised into the age groups 18-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74 and 75-79 years. Afterwards, the number of male and females athletes per age group was determined and analysed. A total of 2,796 men and 753 women could not be included in the analysis of age groups because no information about age was recorded.
The development of athletes' participation according to host continent and according to host country was analysed. For all continents, the number of women and men participating in 6-hour ultra-marathons taking place on the respective continent were determined and analysed. In analysing the number of women and men according to the country in which their race took place, we only considered countries that hosted races in more than half of the regarded time frame (i.e. in at least 11 out of 20 years). These countries were Australia, Canada, the Czech Republic, France, Germany, the Netherlands, Russia and the United States of America, respectively.
The overall top ten performances (e.g. ten highest running distances) for men and women according to continent of origin and country of origin were determined. Because there were less than the necessary ten African female participants, African women were excluded from this analysis. Additionally, we investigated only those countries with at least 500 participants in total, which were the countries with the highest number of all athletes. As a final step, we analysed the coherence of development in population, income per head and number of finishers for the above mentioned 15 nations with more than 500 participants in total.
Statistical analysis
In order to increase the reliability of data analyses, each set of data was tested for normal distribution as well as for homogeneity of variances in advance of statistical analyses. Normal distribution was tested using a D'Agostino and Pearson omnibus normality test and homogeneity of variances was tested using a Levene's test in case of two groups and with a Bartlett's test in case of more than two groups. To find significant changes in the development of a variable across years, linear regression was used. Correlation analyses were performed using Pearson's correlation in case of normal distributed data and Spearman's correlation in case of not normal distributed data. Statistical analyses were performed using IBM SPSS Statistics (Version 19, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 5, GraphPad Software, La Jolla, CA, USA). Significance was accepted at P < 0.05 (two-sided for t-tests). Data in the text are given as mean ± standard deviation (SD).
RESULTS

Localization of the races
The five countries that started holding 6-hour ultra-marathons first in the examined time frame were the Netherlands, Russia, Australia, Germany and Canada (Table 1) . In 2005 was a sharp increase in 6-hour runs being held in all the investigated countries, except for Kazakhstan, Taiwan and Monaco. Between 1991 and 2010 Europe hosted most of the 6-hour ultra-marathons with 994 races, followed by North America with 134 races. Regarding single countries, France with 169 races, Germany with 135 races and the United States of America with 108 races accounted for the largest part of those competitions. Participation trends Participation in 6-hour ultra-marathons increased linearly in both men (r2 = 0.85; P < 0.001) and women (r2 = 0.82; P < 0.001) ( Figure 1 ). Between 1991 and 2010 participation was always higher in men than in women (P = 0.013). This difference between female and male participation, as indicated by male-to-female ratio, remained remarkably stable at ~4 between 1996 and 2010. The year 1994 appeared to be an outlier with an uncommonly high number of male participants of over 100, which then dropped in the next year to 23 again. This outlier also affected the male-to-female ratio, which increased to over 25 this year. 
Figure 1. Annual number of male and female participants in all 6-hour ultra runs worldwide. The dotted line shows the male-to-female ratio
There were few countries accounting for the vast majority of 6-hour ultra-marathoners. These were defined at a cut-off at 500 participants and sorted from most to least participants such as Germany, France, the Netherlands, Russia, Austria, Italy, the United States of America, Norway, Sweden, Canada, Belgium, the Czech Republic, Denmark, Australia, and Japan ( Figure 2 ). The number of participants increased in all 15 countries with more than 500 participants in total for men and women ( Figure 3 ). The largest increase in the number of 6-hour ultra-marathoners occurred in Germany and France for both men and women. These two countries alone accounted for 38% of all participants in Europe. While this development started in Germany in 1994, the upcoming of this kind of competition in France was delayed until its breakthrough two years later in 1996.
Where do 6-hour ultra-marathoners compete?
In addition to where runners came from the question as to where they competed in 6-hour ultra-marathons should also be further examined. Comparing these two aspects delivered information on runners travelling behaviour. Figure 4 shows where runners came from and where they competed separated into the five continents Asia (Panel A), Australia (Panel B), Europe (Panel C), North America (Panel D) and South America (Panel E). For every continent, runners also living in the hosting continent made up the vast majority of participants. Europe stands out as a host-country for 6-hour ultra-marathons because it hosted most of the races and had the most diverse and international field of participants. Europe was the only continent that had participants both men and women from every other continent. South America on the other hand had only participants from South America. Only six male African runners competed in foreign continents, two in Australia and four in Europe. There was no significant difference in the percentage of travelling readiness between male and female runners (Table 2) . Age of participants Figure 5 shows the development of participants in age groups for men (Panel A) and women (Panel B). Athletes in all age groups showed a significant increase in the number of participants for men and women with the only exception of women aged 70-79 years. Runners in the age group 45-49 showed the largest increase over time and the highest overall number for men and women. Younger runners in the age groups 18-24 and 24-29 on the other hand showed a much smaller increase for both men and women.
M e n 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 Figure 6 shows the development of participants per continent. Europe showed the largest increase in participants for both men and women. This is followed by North America, Asia, Australia and South Africa for men and women. Races held in Asia started to gain popularity later than all the other continents (1997) but developed a greater increase of participants over time and therefore passed Australia in total numbers in 1999 for men and in 2002 for women.
Participation trends in continents
M e n 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 
Figure 6. Development of participants per race continent for men (Panel A) and women (Panel B)
Performance of top ten athletes Figure 7 presents the average performance of the top ten athletes per continent of origin for men and women separately. Since there were less than ten female runners from Africa, this continent had been excluded for the female sample. European athletes showed the best top ten performances with 77±11 km for men and 73±3 km for women. Only slightly weaker were the performances of the top ten athletes from North America (men=76±2 km, women=68±1 km), Australia (men=76±2 km, women=67±2 km) and Asia (men=74±3 km, women=68±3 km). Considerably weaker performances are only seen for the top ten athletes from Africa with 65±9 km for men and from South America with 65±2 km for men and 54±4 km for women. These results should be compared to the total number of runners from each continent, where Europe leads with 21466 men and 4751 women and Africa trailing back with only 13 men in total (Table 2 ). Figure 8 shows the average performance of the top ten athletes per nation of origin for men and women separately, where only the 15 countries with the highest total number of participants were included. The mean running distance for the top ten men ranged from 76±2 km (Australia and Canada) up to 89±1 km by runners from Russia and for the top ten women from 66±2 km by runners from the Czech Republic up to 79±2 km by runners from Italy. 
W o m e n IT A G E R N O R R U S A U T D E N B E L N E D U S A F R A J P N C A N S W E A U S C Z E
DISCUSSION
The aim of this study was to investigate participation trends in 6-hour ultra-marathons with data from all races held worldwide since 1991. The main findings were (i) a linear increase in the number of participants for both men and women, whereas (ii) most of this development was seen in runners aged 45-49 years, the (iii) male-to-female ratio remained remarkably stable at around 4, (iv) Europe stands out as a host for 6-hour ultra-marathons worldwide by hosting the most races, holding the most diverse field of participants and also providing the most participants in total, and (v) European runners also achieved the best top ten performances, while African and South American runners showed the weakest.
Europe holds the most diverse and international field of participants
Our first major finding was that races held in Europe showed the most diverse and international field of participants with runners from every other continent for both men and women. Similar findings were reported for multi-stage ultra-marathons (Abou Shoak et al., 2013), Ironman triathlon and Double Iron ultra-triathlon (Sigg et al., 2012) . In contrast to Europe, South African races only had runners originating from South Africa. While for every continent local runners accounted for the vast majority of participants, our data still implied that the few runners who were willing to travel to foreign continents to compete, had a high tendency to choose races in Europe. Insights on what motivates ultra endurance runners to compete might be helpful to better understand why Europe is so much more attractive for travelling athletes.
Previous research found that the two strongest motivational factors for female ultra-runners are general health orientation and psychological coping (Krouse et al., 2011) , which are both intrinsic motivational factors. Furthermore Ruiz-Juan and Sancho (2012) reported a predominance of intrinsic motivation over external motivation for male and female master athletes to compete in various athletic sports, respectively. Hence we assume the motivation for both male and female 6-hour ultra runners to be mainly of an intrinsic nature as well. Even though intrinsic motivation is predominate for most athletes, motivation remains a very individual issue that varies within runners, so that for some athletes external motivation can still be the main source of motivation. Europe holds some of the largest and therefore most competitive races worldwide such as the 'Troisdorfer 6h-Lauf' in Troisdorf, Germany, the 'de Zes uurs ultraloop Stein' in Stein, the Netherlands or the '6 ore dei Templari' in Banzi, Italy (www.ultra-marathon.org), which makes these races particularly attractive for athletes who are mainly driven by external motivation. However, since we have no data on the motivational reasons of specifically travelling athletes, the questions as to why Europe attracts so much more athletes from other continents still remains unexplained.
Germany and France accounted for more than one third of all European participants
Another finding was that races held in Europe showed the highest increase in the total number of runners starting, followed by North America. Within Europe, there were two countries accounting for the vast majority of all runners. Germany and France together accounted for about 38% of all participants in Europe. This European dominance could also be highlighted by the fact that 11 out of the 15 countries (i.e. Austria, Belgium, the Czech Republic, Denmark, France, Germany, Italy, the Netherlands, Norway, Russia, Sweden, Australia, Canada, the United States of America, and Japan) with the highest number in participants were in Europe. These findings are very similar to previous research on participation trends in ultra-endurance competitions as the Double Iron ultra-triathlon, where 80.9% of all finishers originated from Europe, Germany and France being also prominent accounting for the most participants within Europe (Sigg et al., 2012 ). This European dominance was shown for multi-stage ultra-marathon participation as well, with French athletes accounting for most of the participants (Abou Shoak et al., 2013). Since the vast VOLUME 8 | ISSUE 4 | 2013 | 919 majority of participants originate from the host country, it seems plausible that a country's participation could be affected by its population growth.
Therefore we analysed the relation between population and the number of participants for each country and year. Significant and positive correlations were found for all countries except for Russia, due to its shrinking population since 1991. For most countries the number of participants and its population showed a linear increase in the analysed time frame and therefore correlated significantly. While France had one of the highest correlation coefficients (Table 3) , Germany had one of the lowest, indicating that there need to be additional factors explaining the high increase of participants compared with France. Another influencing factor could be income, since higher income has the potential to result in more time for idle activities including the time consuming training required for a 6-hour ultra-marathon. Therefore, we also checked for correlation between the income per capita and participation for each country. A significant and positive correlation for income per capita and participants was found for almost all countries, again with the exception of Russia. This showed that in Russia 6-hour ultra-marathons gained popularity and participants even though their population and income did not increase similarly since 1991.
The largest increase in participants took place in the age group 45-49 years
Our second major finding was that the age group 45-49 years showed the largest increase over time and also the highest total number of participants in 6-hour ultra-marathons held between 1991 and 2011 for men and women, respectively. This can be compared to similar findings in 161-km ultra-marathons, where Hoffman et al. (2010) found an increase of runners over 40 years old accounting for less than 40% in the mid-1980s up to 65-70% since 1996 of all finishers. However, unlike our findings, they found the highest increase of participants for men above 50 years old compared to the 40-49 years old age group in our findings (Hoffman et The male-to-female ratio remained remarkably stable Another major finding was a significant linear increase in participants between 1991 and 2011 for both men and women and a remarkably stable male-to-female ratio since 1996. This constant gain in popularity has been described in other ultra-endurance competitions such as 100-km ultra-marathon , 161-km ultra-marathon (Hoffman et al., 2010) and multi-stage ultra-marathon (Abou Shoak et al., 2013). We hypothesized that the male-to-female ratio would show a linear drop towards one, as described in previous literature in marathoners (Jokl et al., 2004 ) and 161-km ultra-marathoners (Hoffman et al., 2010) . Although there is a tendency to a decrease in the male-to-female ratio, it is barely noticeable and smaller than hypothesized. A possible explanation for this deviation from previous findings could be that 6-hour ultra running is a rather young discipline, which has only been popular since 1993, while previous research was done for older sports, with a history of male dominance in participation (Jokl et al., 2004) In 6-hour ultra-marathons such a historical male dominance has never been comparably established and can therefore not be softened equally. A small but constant decrease can be found since 2007, which could also highlight a somewhat delayed development towards a smaller male-to-female ratio in 6-hour ultra-marathons. This suggests a hypothesis that brand new endurance competitions first attract mostly male runners, while female runners slowly take over already established competitions such as the ultra-triathlon or the marathon. However, to verify this hypothesis further tracing of the male-to-female ratio over an extended time period, especially in the next years, is needed.
920
European runners achieved the best top ten performances
Only very little differences were seen for the top ten performances by runners from Europe, Asia, North America and Australia, with only runners from Africa being noticeably weaker for men and women, respectively. Athletes originating from continents with a larger number of runners participating in these 6-hour ultra-marathons have a statistically higher chance of also achieving better top ten performances. Hence to better interpret the mentioned top ten performances they should be put in relation to the total amount of runners from each continent. With this in mind, the rather weak top ten performances by African runners can be explained by the fact that there are only 13 African runners in total. European runners, who achieved the best top ten performances for both men and women, also had the highest total number of runners (Table 2) , which can help explaining its number one position in this ranking.
Nevertheless the weak top ten performances by African runners was surprising since African runners dominated other middle-and long-distance running competitions for years (Onywera et al., 2006) . Compared with the 42 km distance of a marathon this makes a difference in performed distance of about 70%, which can help explain the gap in the performance and why the described advantages of East African runners seem to not apply for 6-hour ultra-marathons. However, it's more likely that the weak top ten performances of African runners is due to the very small number of only 13 athletes in total. Therefore these unexpected results should be interpreted with caution and the question remains as to why the discussed advantages of African runners should vanish this abruptly with longer running distances over 42 km since at least the better running economy and psychological advantage should remain, regardless of the running distance.
Furthermore it seems questionable, if the ability to remain at a higher %VO2max over time of Kenyan runners decreases, or that this is not as important anymore with longer running distances. There could be other factors gaining importance with longer running distances and thereby overcoming the discussed unique physiological and psychological skills of African runners. However further data and further investigation is needed to better understand how the discussed advantages of East African runners may or may not transfer to competitions exceeding the distance of the marathon.
Limitations
This study has some limitations, including a lack of more detailed knowledge on motivational factors for specifically 6-hour ultra-marathoners, to be able to better interpret our findings on participation trends. 
CONCLUSION
To summarize participation trends in world-wide 6-hour ultra-marathons, an overall increase in popularity was found for both men and women. The largest part of this development took place in Europe, especially in Germany and France and was correlated to population growth and income per capita. Europe had the most diverse field of athletes with runners from all other continents. The best top ten performances were seen in Europe, the weakest in Africa and South America, while Europe had most of the runners and Africa with 13 runners the fewest athletes in total. However, to better understand participation trends in 6-hour ultra-marathons, additional data such as motivational reasons, personal expectations and goals for the competition, physical and psychical fitness, training volume and training style as well as number of previous starts in similar ultra-endurance competitions is needed.
